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Charge Transfer Complexes.  Competit ion 
between Donor and Solvent for t he  Acceptor.  
A New Method of Study. I .  Case of Maleic 
Anhydride and Vinyl Monomers: 
Styrene and Vinyl Acetate  

CLAUDE CAZE and CLAUDE LOCCHEUX 

Lab c r a t o i r e a e chi mi e ma c r o m o i 6 c -Lila i r e 
Universite i e s  S c i e x e s  et Tecki iqces  ce L!le 
39 630 Villeneuve d' Ascq, France 

Charge t ransfer  ccmpiexes between maleic anhydride and 
vmy! monomers have been nvest igatea by nsmg W absorp- 
tion tecnniques. A short  review of the application of this 
t e c h i q u e  to our proolerc has been made. Startmg from 
the assurr,ptions assumed by hlerrefieid and co- workers, 
we haye dsveloped a Eew mechod of cainng account of the 
possibihty of coxnpleyation betxeen the acceptor and the 
so  lr em. 

I S T  R O D  C T T I O S  

Charge t r m s f e r  coxxplexes exhibited oy maleic anhydride have 
been extensively mvestigated ce.5.. Refs. 1-31. Ho-xever. :he 
problem of the mfhence of the solvent 1s not vet complete!y 
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99 2 CAZE XXD LOUCHEC'X 

elucidated. Starring from the Benessi-Eiildebrand technique [ 41, we 
propose a new method or' hvestiy3tion takmg into accounc the gossi- 
bilitg of complexation of maleic achydride with the solvent. The 
maleic anhydride-styrene system has been used ior  testiqg the 
method. Then the vinyl acetate-maleic anhydride system h a s  been 
studied. 

T H E O R Y  

In solution, when a charge transfer cgmpiex ( C T )  between an 
electron donor (ED) and an electron acceptor (LU i s  obtained, 
we have an equilibrium: 

The constant K of t h i s  equilibrium is defined as 

Where [ C T ] ,  [ ED], and [ EXJ are the concentrations of the species 
CT. ED, and EA, respectively. The UV absorption tec,hique i s  
very often used fo r  the determination of K. 

C I a s s i c a l  4 I e t h o d s  of M e a s u r i n g  K 

In the Benessi- Hildebrand technique. aosor-,tim measurements 
a t  a wavelength A.. vhere  ED ar.d EX do not absorb. provide the 
optical density d, of the  complex: 

E 

compIex, and 1 is che Ianqrh of the optical path in the rneasurernent 
cell. 

is the n o h r  extinctior. coeiiicient oi the charge cransier CT , A  

If we assume the condition 
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C W G E  TRXiSFSR COX?LEXZS. I 993 

[ E D ]  >> [ E A ] ,  i.e., [ED;  = constant 

and i f  [ EAIO is the mitu.1 concentration of the e i x t r o n  acceptor, 
the following relationship can be written: 

i 3 )  

LI a set  of experiments - m e r e  [ ED] and [ EX;, are known, plocting 
li S A j o  d agamst 1 i ED] permits  the determmation of E and K. 

Other methods have been proposed by many authors for rneasurmg 
K. Scott [ 5 j  uses  the Benessi-Hildebrand equation m the form: 

CT.A 

14) 

Plotting ![SXj,i ED; dh agaicst  [ ED] y i e l i s  more precise  values 

Foste?, Hammick. and Wardley [ 6 j  gave a generalization cf the 
Senessi-Hilaebrand method when the s toichorzetry of the comples 
is different from 1, 1. The preceeding equilibrium becomes 

of E cI,,, and 5:. 

EA - nZD e E.4.ED n 

If [ C T j  is the concentration of the EA.ED ccmplex, K is defined as 
n 

LF we assume [ EDj y' 

3: the solution is 
LA],  and if the measured optical density d x 

me obwined the new relation 
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, - KdX = dA, [ED n 

The determination of the association degree n of the complex is 

made by plotting dX [ E D ]  

When a straight line is obtained. n and K a r e  deduced simultaneously. 
Drago and Rose [ 71 discussed the approximation that the complex 

concentration is negligible with respect to the concentration [ED]  of 
the electron donor, and then calculate the constant K. 

Several authors have remarked that in certain cases  the Benessi- 
H i l d e b m d  method gives zero tor  the intercepcion value 1. E 

Person [ 81 showed which corresponds to an infinite value oi E 
that the Benessi-Hildebrand method gives such a zero interception 
if the concentration ratio [ ED] [EX]  does not verify the relation 

n against dl for different vaIues of n. 

cT,.\' 
CT,X' 

lo%[ EX]o < [ CT] < 90%[ EX], 

Hammond [ 91 showed that the accuracy of the Benessi-Hildebrand 
method is very weak when K is small. For values of E lower than 
0.1, the uncertainty of the result  is of the same order  of magnitGde 
as the result itself. 

Orgel and Mulliken [ 101 interpreted this particular case by 
assuming that the hypothesis of "contact charge transfer" eldsts 
simultvleously with the charge transfer complex in the solution. 
These "contact charge tmnsfers"  vould not respect the mass- 
action law. 

assumption: 1) there is no therrncdynamic justification for the 
hypothesis of the  existence of such a "contact c.harge transfer"; 
2 )  the part played by the solvent is not taken into account, and in 
the case of complexes with a low formation constant, a competiticn 
e.uiscs between [he donor and the solvent to occupy the s i tes  around 
the acceptor. 

For this p u r p s e ,  4Ierreiield and Phillips [ 121 postdated com- 
petition between donor and solvent arcund the acceptor sites. If 
SV is the solvent, ihen 

Carter,  !iIurreU, and Rosch [ 111 criticized the Or, pel- Mulliken 

EA i- ED-CT K = [ (3.1, [EX][ ED] 
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If d,i = E I[ CT] ,  then cr.A 

993 

( a )  

'The corresponding plot provides essentjz!ly K I  K. 

S e w  M e t h o d  P r o p o s e d  f o r  M e a s u r i n g  K 

The classical methods reviewed a r e  not avaiIable in the case 
where there  is competition betweer. the solvent and the electron 
donor around cne acceptor si tes.  From Eqs. ( 7 )  and (81, that is, 
%hen assuming the  formation of two 1, I complexes, an& with the 
supplementary conditions [ EDj  >> [ EX] and [SV! >> [ EA], we 
can write 

We have the concentration relation 

a r e  the molar extinction At a wavelength A, where E 

coefficients fo r  the charge complex t r z s f e r  CT and fcr the accep- 
tor  EX. respectively. [he opticai density d, measured is 

CT,k and ' EX.A 

Then 
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996 CAZE .LNl LOUCBEUX 

where 7 is the apparent molar extinction coefficient of the acceptor 

in the solvent SV at the wavelength A. $ A  is obtained from the slope 
of the straight h e  dl = f ( :  EX],!. 

linear reht ion such as 

- h 

If there exists between che concentrations [ SV; and [ S D j  3 

i l l )  

Then Ea. (10) becomes 

- 
E is determmed by preliminary experiments. L€ 3 constant volume 

of solution is used, a and o a r e  :mown. In these ccnditions, y ccT, 

and KL are calculated by the least squares method apolied tg the 
fuc t ion  d,, I[ EX], = f ( [  ED] ‘. 

1 

R E S U L T S  

41 a 1 e i c An h p d r i d  e - S t y r e n e S y s t e I?I 

This system has been studied in t-,vo solvents of very different 
dielectric constants: chloroform I E  = 4.3 at 20’C) and acetone 
( c  = 20.7 at 25JC) .  The optical densiei values have been determined 
with a 3eckma.n DBG spectrophocometer equipped vith a Thl 

a i i l yze r  which alIows the temperature to 3e progrsmmed between 
0 and 1OO’C. 

Measurements m CAoroiorm 

and 345 am. For these wavelength vaiues there 1s a :ve& aosorgtion 
of maleic anhydride at  the concentncions used. The optical censity 
dx is 

We have studied tne charge [ransfer xux! ~f the complex at  340 

;I MA] (13) d, = S C T , , J  CTl - EkL4.A - 
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where [ M A j  and cmSjL a r e  the molar  concentration of maieic 

anhydride and the correspondulg extmction coefficient. respectively. 
In this case  the Benessi-Hilaebrmd n e t h o c  r-ay be applied by  

t a h g  mro account the relation [ 13; 

where [ ST j is the s tyrene  molar concentratlor,. [ hU] is [he 
n i t d  mola: conceatration of m3leiC anhydride, and 

Figure 1 rep resen t s  the varBt ion  of I[ MA]9 dA' vs 1, [STI. 

1.5 1 
is i l  

0.5 1 

FIG. 1. Maleic ulhydride-stprene sys tem i? chloroform. 
Temperarure  = 25'C. h = 340 nm. 
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998 CAZE .UD LOGCHEUX 

Figure 2 is a plot o i  the variation o i  d (Eq. 13) v s  the styrene x 
concentration. The experimental conditions aere  

and 0.72 moIe, l i ter  \ [ ST] i 3.75 mole. liter. 

Hildebrand method and by our ne:v iaethod. The value of KI has been 
obcimed by our new method. Table 1 summarizes the results. 

becween maleic anh:zdr:de and chloroform is zero. The charge 

The values oi ti hare  Seen determined both by using the Benessi- 

From T3Ple 1 we s e e  t h a t  the constanc KL of comple-uation 

A 
I 

I 

0.3 - 

-- 
1 2 3 

!ST1 

FIG. 2. 4Ialeic anhydride-styrene system XI chloroform. 
Optical density against styrene concencra~ion. Tempemtare  = 25'C. 
,A = 3.10 nm. 
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CEqRGE TEMKSFER COMPLEXES. I 999 

TXBLZ 1. 1Ialeic Xnhydride-Styrene System 

Benessi- Hilaebrand 
method Our method 

h K K K1 
(nmi c CT,h \ l i ter ,  mole) cCT,,i \ l i t e r  mole) ( l i ter  mole) 

340 294 0.24 2s: 0.27 0.00 

345 220 0.24 160 0.26 0.00 

t ransfer  complex constant II between styrene and maleic anhydride 
obtained is the same  whatever the method used. The accuracy of 
the values of K is approximately 10%. 

values of K have been calcukced by the Benessi-Hildebrand method. 
F i g w e  3 represents  the variation cf ln K vs  1 T.  X l inear plot is 
obtained from which the variarion of e n t k l p y  AH for  the formation 
of the ccmples is d e c x e d  3s 

The variation of K with t s n p e r a t u r e  has been followed. The 

= - 2 . 3  = 0.35 kcal.  mole. 

l ie?surements in Acetone 

The e.\;perimenta! conditicns were LLIj = 1C-' mole l i ter:  
1 . 5  mole, l i ter  < [STI- < 7 . 2  mole l i ter:  and h = 340 and 345 am. 
The temperature w s  25'C. a = 13.64 and 5 = 1.564. 

Figare  4 represents  d = f t [  ST] !. -c i g u r e  5 represents  
i, 

I[ >LA], G * = f i  1, [ ST] j, usL7,lg the Benessi-Eildebrand method. 

value. Because acetone is &i electron donor, a maleic anhydride- 
acetone cop-ples may be formed. 

a r e  obtaned. 

-. 

A 
It may Se seen that the rntercept of the curve gives a negative 

By app!ying our method LO this system. the resul ts  of Table 2 

340 554  0.20 0.79 

345 357 0.21 0.75 
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-1 ,s 

- 2  

-2.5 

Ln K 

3 3  -. 1 lo3 2.'? 3 
T 

FIG. 3. 4laleic anhydride- 3t::rene system in chloroforrr.. 
Arrhenius plot of the constant K. 

The values o i  the ISi constant in Table 2 show that in th i s  spsten: 
the comple-xation of maleic anhydride v i t h  the solvent acetone is 
the main phenomenon. 

M a l e i c  A n h y d r i d e - V i n : r l  A c e t a t e  S y s t e m  

The s t u d y  of this system b a s  been performed cniy  in chloroform 
because ~i the low v a l u e s  or' the constant K for this pair oi monomers. 
The resuits nave been interpreced by usinq Rektion ( 141, the con- 
centracion or' -ring1 acecate [ VA] beiqg substituted f o r  the concen- 
tration of styrene i ST 1 .  

The experimental ccnditions were  [ 4L1: ,, = L O a  mole; l i ter  and 
3 mole; Iiter < [ VAj < 6 moie: liter. The temperature was 25.'C, 
and h = 280 a i d  275 nm. Table 3 gives the resuits. 
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I 

1 

0.5 - 

100; 

1 

I 
2 4 6 

ISTl 

FIG. 4. ?Jaleic anhydride-styrene system in acetone. Optical 
density against styrene concencration. Temperature = 25.C. 
,I. = 340 nm. 

TABLE 3. MaIeic Anhydride-V’Jlyl Acetate 
System. Benessi- Hildebrand Method 

280 150 0.066 

273 217 0.063 
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2 .  

1 

0 .  

-1 

/ 
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/ 

FIG. 5.  hkle ic  anhydride-styrene system in acetone. 
Temperature = 2 j 2 C .  ,i = 310 cm. 

D I S C U S S I O N  

The values of :he mnsca.ics we ,bve deterrnmed may be com- 
pared *with thcse given m tne hterature.  In the case of the maleic 
anhydride-vnyI acetate system. v e  ?ave found no result to com- 
pare mth ours. Marsuda u*d .be [ Z j  have measured the conscart 
K f o r  the rnaleic mhydride-styrene system i i i  chloroform a t  room 
temperature and find K = 0.05 l i ter/mole.  This value is much 
lower than K = 0.27, given m Table 1. Tsuchida, Tomono, and 
Sano [ 131 have studied the formatux  of the cornDlex m different 
solvents by usmg ?iY3 t e c a q u e s .  Thay ascribe the low .rake 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1003 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1004 CAZE .tUD LOUCXEUX 

found by Matsuda and Xbe to a comple.uadon of inalerc anhydride 
with chloroform. .According to the results of Table 1. we see that 
this kind of complex does not exist. W e  can compare our results 
in acetone to those obtained bj Tsuchida and co-mrkers ;  here the 
agreement is quite good and confirm that in this solvent the forma- 
tion of a maleic anhydride-acetone complex prevails. 

Table 4 compares our results with those of Tsuchida. 
The Merrefield and Phillips method applied to the aa l e i c  

anhydride-styrene system +in acetone gave no results. 

C O N C L U S I O N  

When there is no possibility of a complexation becveen the 
solvent and one of the two components of a complex, the Benessi- 
Hildebrand technique can be applied successfully. If such a com- 
plex does e.xist. our new method of investigating permits the 
calculation o i  the t-go formation constants K 3nd K,. The e.xample 
of the maleic anhydride-styrene system is very convincing, ou r  
results being in gocd agreement with those obtained .under the 
same conditions by X?JR techniques. 
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